Abstract: This paper estimated the annual levels of sulphur dioxide (SO 2 ) from consumption of premium motor spirit (PMS) and automotive gas oil (AGO) across the States and Regions of Nigeria. This was with a view to estimating the per capita and land distributions of emissions. Annual fuel consumption, average fuel sulphur contents and emission factors were combined to estimate the annual levels of SO 2 . Per capita and land distributions of emissions were then established using population and land area, respectively. Results showed that Lagos and Ogun States had the maximum SO 2 emissions from consumption of PMS and AGO, respectively, in 2012. Between 2001 and 2014; most of the SO 2 emissions from consumption of PMS and AGO came from the South-western and South-southern regions of the country, respectively. Based on projected future fuel consumption, annual SO 2 emissions from utilization of PMS and AGO are projected to further increase over their 2014 estimates. Interim measure suggested for mitigation of SO 2 emission is the importation of refined products with highly reduced sulphur contents. Medium to long-term measures include building of more refineries locally to make use of Nigeria's crude oil which is generally low in sulphur content and a massive improvement in the country's energy generation so as to lower the demand pressure on refined petroleum products.
PUBLIC INTEREST STATEMENT
Due to insufficient local refining capacity, majority of the premium motor spirit (PMS) and automotive gas oil (AGO) consumed in Nigeria are imported. The imported PMS and AGO have been reported to have slightly higher sulphur contents than those obtained from local crudes. Following the recently reported cases of acid rain precipitations in certain parts of the country with attendant devastating impacts on vegetations and aquatic lives, the authors in this paper estimated the annual levels of sulphur dioxide owing to consumption of PMS and AGO in the country. The authors observed that SO 2 emissions into the country's air shed increased drastically between 2011 and 2014. Projected future fuel consumption data showed that by 2030, SO 2 emission from PMS and AGO consumption would have increased tremendously over their 2014 values. This is expected to further aggravate acid rain precipitation. The authors suggested some mitigation measures.
Introduction
The demand for premium motor spirit (PMS) and automotive gas oil (AGO) in Nigeria has been on the increase and this can be attributed to a number of interconnected factors which include population increase and limited electricity generation capacity. The population of the country which was a little above 100 million in 1991 rose to over 140 million in 2006 (FRNOG, 2009 ). At present, it is often said to be between 170 and 180 million people considering a growth rate of 3% (FRNOG, 2009) ; although the last official population census in the country was still that of 2006. This growth in population has translated to greater demand for PMS and AGO which are used as energy sources for day to day business activities in the absence of reliable supply of electricity from the country's national grid. Electricity generation in the country is still very poor. The maximum reported electricity generation level in the country was only about 6,000 MW; therefore, its availability is not guaranteed. These factors put together are exerting serious pressure on the demand for PMS and AGO in the country.
In contrast to the growing demand for PMS and AGO; the country presently does not have sufficient local refining capacity to satisfy the local demand. This inability to meet local demand for PMS and AGO is largely due to lack of investment in building new petroleum refineries. There are four refineries in the country and the last one was built almost three decades ago (Odularu, 2007) . Apart from insufficient refining capacity of these refineries; most of the refineries are fast becoming obsolete and are not always in operation. The inability of local refineries to meet local demand makes importation of refined petroleum products a necessity in the country. Imported refined petroleum products thus constitute a huge proportion of the refined petroleum products consumed in the Nigerian market. These imported refined petroleum products have been shown to have slightly higher sulphur contents than those of Nigerian origin (Faruq et al., 2012; Odebunmi, Ogunsakin, & Ilukhor, 2002) as summarized in Table 1 . The imported refined products are constantly distributed to different States that make up Nigeria where they find their ways into different shades of combustion engine.
Among the products of combustion of sulphur containing fuels is sulphur dioxide. Sulphur dioxide is formed as an oxidation product when fuel sulphur is oxidized during combustion. It is a colourless gas with a pungent smell. It can be further oxidized to sulphur trioxide (SO 3 ) and dissolves in water readily forming acidic solution (ATSDR, 1998; Cofala et al., 2004) . The emission of SO 2 has been known to exert various human health and environmental effects. It is one of the air pollutants considered by United States Environmental Protection as being hazardous to human health (ATSDR, 1998) . Human exposure to SO 2 can be via inhalation or skin contact. When inhaled, it dissolves in the water in the nasal cavity and has been associated with damage to lungs and respiratory organs. Reported effects in animals include decreased respiration, inflammation or infection of the airways and destruction of areas of the lung (ATSDR, 1998). In the atmosphere, it readily dissolves in water vapour resulting in acid precipitation which could be detrimental to soil, soil microbes, vegetations and aquatic systems (Havens, Yan, & Keller, 1993; Savabi & Stockle, 2001 ). The effects on plants include sulphur and sulphur products migration between soil and the plant (Ruth-Balaganskaya & Kudrjavtseva, 2002) ; destruction of aesthetic and economic values of plants (Westenbarger & Frisvold, 1994) .
The interest in SO 2 estimation has gained the attention of both private researchers and governments worldwide. It was reported by Obioh, Oluwole, Akeredolu, and Asubiojo (1994) Among the known leading sources of SO 2 emission are pyrite ore conversion, petroleum refining and consumption of refined petroleum products. In Nigeria, the ore extractive industry is not fully developed and cannot be said to contribute to SO 2 level in any significant manner. However, there has been a rapid rise in demand for refined petroleum products in the country which calls for frequent and continuous estimation of SO 2 given the fact that it is a pollutant of great concern to human and environmental health (IPCC, 2005) . Also, observation of acid rains occasioned by increasing levels of acid anhydrides including SO 2 in the country in recent years (Amadi, 2014; Efe, 2011; Efe & Mogborukor, 2012; Osu and Ekpo, 2013) ; necessitates the continuous study of this criteria air pollutant in relation to the activities responsible for it. The Niger Delta Region (South-South) and Lagos axis of the country have especially been reported to have experienced acid rains. The economic impacts of acid rains on vegetation, housing and aquatic life have been reported by Amadi (2014).
While some studies have been conducted on annual levels of SO 2 in some parts of the country (Obioh et al., 1994; Olatunji, Fakinle, Jimoda, Adeniran, & Adesanmi, 2015) , the rapid rise in demand for refined petroleum products in the recent time calls for frequent and continuous estimation of the contribution of key activities to the annual levels of this pollutant in the entire country. It is also important to have a forecast about its future level based on projected fuel consumption. An understanding of the extent of SO 2 emission in relation to fuel consumption could assist in planning for its reduction.
Among several techniques, emission factor presents a simplified technique for estimation of pollutant emission associated with an activity and has been widely used to quantify the amount of pollutants released from an activity (Sonibare, 2010; Sonibare, Akeredolu, Obanijesu, & Adebiyi, 2007) . It is a representative value that attempts to relate the quantity of pollutant that is released to the atmosphere with the activity associated with the release of that pollutant.
In the present study, estimation of annual SO 2 levels from petroleum products consumption for each State in the country was achieved with year 2012 refined petroleum products consumption data from Department of Petroleum Resources (2012). Similar computations of SO 2 level in each of the six regions were achieved with 2001-2014 refined petroleum products consumption data obtained from Nigeria National Petroleum Corporation (Nigeria National Petroleum Corporation, 2016). SO 2 trends from consumption of refined petroleum products (PMS and AGO) in the entire country were also established based on available petroleum product consumption data (Nigeria National Petroleum Corporation, 2016). Due to perceived human health and ecological impacts of SO 2 emissions, 2006 population figures (FRNOG, 2009 ) and land mass (Ley, Gaines, & Gaines, 2015) were used to establish the per capita and land distributions of SO 2 for each state and region of the country.
Materials and Methods

Study area description
The study area is entire Nigeria which is a country in West Africa. The population of the country is about 140 million people according to 2006 population figures which was the last official head count in the country. The country has over 250 distinct ethnic nationalities occupying a total land mass of approximately 923,768 square kilometre. Nigeria lies between latitudes 4°-14°N and longitude 2°-15°E and is bounded by Niger Republic in the North and Atlantic Ocean in the South. To the west and east of Nigeria are Republic of Benin and Cameroun, respectively. There are 36 federating states in the country and the capital territory is Abuja. The federating States are further grouped into six regions popularly regarded as six geo-political zones. These include the North-West (NW), NorthCentral (NC), North-East (NE), South-West (SW), South-East (SE) and the South-South (SS) geo-political zones. Figure 1 shows the map of Nigeria illustrating the states and the regions. (ECN, 2009 ). These extensive data are to allow the study of SO 2 emission patterns in the country over the past decade as well as to examine the future trends of SO 2 . These data were combined with reported emission factors of SO 2 from PMS and AGO for internal combustion engines reported by Olatunji et al. (2015) . Other inputs included the mean sulphur contents of PMS and AGO found in Nigeria's market (Table 1 ). The emission rate of SO 2 was determined as: where E R = Emission rate (tons/year), E F = Emission factor (ton/litre), S F = Fuel sulphur content (wt %), A FC = Annual fuel consumption (L/year).
Estimation of sulphur dioxide
Although, there may be variations in sulphur contents of refined petroleum products in the country from time to time because of the numerous sources from which they are imported; a particular level of sulphur content cannot be tied to a particular state or region of the country. The sulphur content of refined petroleum products found in Nigerian markets as reported in literatures were harvested, averaged (Table 1 ) and used in this paper to compute estimated levels of sulphur dioxide for each State, Region and the country at large. Also, the mean sulphur content was assumed to be constant for the years investigated. The population (per capita) distributions of SO 2 were obtained by dividing the estimated annual SO 2 by the population of any State or Region using the 2006 population figures (FRNOG, 2009) . Similar computations for land distributions estimates were achieved by diving SO 2 levels by appropriate land mass obtained from (Ley et al., 2015) .
Results and discussion
Annual SO 2 emission by states
Annual emission of SO 2 on state basis using year 2012 refined petroleum products consumption data (Table 2 ) are summarized in Table 5 . SO 2 emission from PMS consumption among states in the country in year 2012 ranged between 0.2854152 and 5.715614016 ton/annum, while the corresponding SO 2 emission from AGO from the states ranged between 1.3610828 and 29.62412576 ton/ annum. During that year, the minimum and maximum SO 2 emissions from consumption of PMS were from Bayelsa and Lagos States, respectively. Bayelsa State also recorded the least SO2 emission from consumption of AGO in 2012 but the maximum emission was recorded in Ogun State.
Two key factors that may be attributed to the observed emission patterns. One was the population of the State and the other was the amount of PMS and AGO consumed in a particular year which was a function of how much money people had. The consumptions of PMS in Bayelsa and Lagos States are logical considering the fact that they represent two extremes of population distribution in Nigeria. Bayelsa State had a population figure of about 1.8 million people while Lagos had above 9 million people according to 2006 population census figures. In addition, Lagos was the Federal Capital of Nigeria until 1991 when it was moved to Abuja. Nevertheless, it remains the commercial nerve centre of the country most especially because of the deep sea ports.
However, the maximum emissions of SO 2 from AGO consumption in Ogun, may appear illogical considering its population figures with respect to Lagos State. It must however be pointed out that Ogun State shares boundary with Lagos and most industrial sites in Nigeria are actually within Ogun State land area. Industrial consumption of AGO might have accounted for the maximum emission of SO 2 from AGO that was estimated for Ogun State.
Annual regional SO 2 emissions
The emission of SO 2 from PMS and AGO consumption over 10 selected years between 2001 and 2014 from the six regions are presented in Figures 2 and 3 , respectively. The emission of SO 2 from PMS from the regions ranged between 10. 6856568-158.14638, 16.2050112-166.3629912, 7.1559936-204.05927, 9.6083568-183.43392, 18.470653-213.28991, 9.5369415-158.63435, 8.7971164-136.95192, 9.6778609-114.14762, 51.215859-267.96726 and 60.074333-301.67334 ton/year in 2001, 2002, 2003, 3005, 2009, 2010, 2011, 2012, 2013 and 2014, respectively With the exception of years 2009 and 2010 when the minimum SO 2 emissions were from the South-East region of the country, minimum regional emissions of SO 2 over the selected 10 year period were generally from the North-East region of the country. Also, maximum SO 2 emissions were generally from the South-South region of the country with the exception of years 2013 and 2014. These observations are in agreement with the regional AGO consumptions. however, evidences that emission of acid anhydrides including SO 2 are on the increase in the country. It is a well-established fact that acid rains are traceable to elevated levels of SO 2 and other acid anhydrides in air. Measurements of acid rains occasioned by increasing levels of acid anhydrides in the country's airshed have been reported (Amadi, 2014; Efe, 2011; Efe & Mogborukor, 2012; Osu and Ekpo, 2013) . The Niger Delta Region (South-South) and Lagos-Ogun axes of the country have especially been reported to have experienced acid rains. The economic impacts of acid rains on vegetation, housing and aquatic life have been reported by Amadi (2014).
Annual national SO 2 emissions
Per capita and land emission distributions
The per capita distribution is a measure of the amount of pollutant per person in a given population while land distribution is a measure of pollutant per square kilometre of land. These two parameters were evaluated in order to further compare the impacts of pollutants among states and regions of Nigeria. The year 2012 per capita and land distributions of SO 2 from consumption of PMS and AGO from the States are already presented in Table 5 . The regional and national population distributions of SO 2 from PMS and AGO are summarized in Tables 6 and 7 while their corresponding land distributions are summarized in Tables 8 and 9 . The per capita distributions of SO 2 from PMS and AGO consumption among the States (Table 5) (Table 6 ) ranged between 1. 1265647-7.6937661, 0.5816785-5.7222379, 0.536555-4.9401122, 0.4268112-4.1175182, 3.1237649-9.6660804 and 3.414286-10.881922 g/capita in years 2009, 2010, 2011, 2012, 2013 and 2014, respectively . Except for 2012 and 2014 when the minimum per capita emissions of SO 2 from PMS were from the North-West region, the South-East region generally has the minimum per capita emissions during the rest of the years. The maximum per capita emissions however were from the South-West region of the country for all the years.
The corresponding per capita emissions of SO 2 from AGO (Table 7) during the same periods ranged between 1. 1125537-12.769845, 0.6657075-9.3597379, 0.7404459-10.66052, 0.4290411-7.2781696, 1.7048714-26.499584 and 1.2383947-32 .764594 g/capita. The minimum per capita SO 2 from consumption of AGO alternated between the North-West and the North-East while maximum emissions were from the South-South region until 2013 when the trend shifted to the South-West.
Results (Tables 8 and 9) showed that the minimum land distributions of SO 2 (25.518933 and 38.907589 g/km 2 ) from consumptions of PMS and AGO between 2001 and 2014 were experienced in 2003 and 2012, respectively; and these were from the North-East region of the country. The implication of this is that there is a skew distribution of SO 2 emission in the country. The Southern part of the country with least land area and lesser population is experiencing more SO 2 emission than the Northern region. 
